Purpose Examination of reliability and validity of a specialized health-related quality of life questionnaire for rectal cancer (RC) survivors (C5 years post-diagnosis). Methods We mailed 1,063 Kaiser Permanente (KP) RC survivors (313 ostomy and 750 anastomosis) a questionnaire containing the Modified City of Hope Quality of LifeOstomy (mCOH-QOL-O), SF-12v2, Duke-UNC Functional Social Support Questionnaire (FSSQ), and Memorial Sloan-Kettering Cancer Center Bowel Function Index (BFI). We adapted certain BFI items for use by subjects with intestinal ostomies. We evaluated reliability for all instruments with inter-item correlations and Cronbach's alpha. We assessed construct validity only for the BFI in the ostomy group, because such use has not been reported. Results The overall response rate was 60.5 % (577 respondents/953 eligible). Compared with non-responders, participants were on average 2 years younger and more likely non-Hispanic white, resided in educationally nondeprived areas, and had KP membership through a group. The mCOH-QOL-O, SF-12, and FSSQ were found to be highly reliable for RC survivors. In the ostomy group, BFI Urgency/Soilage and Dietary subscales were found to be reliable, but Frequency was not. Factor analysis supported the construct of Urgency/Soilage and Dietary subscales in the ostomy group, although one item had a moderate correlation with all three factors. The BFI also demonstrated good concurrent validity with other instruments in the ostomy group. Conclusions With possible exception of the BFI Frequency subscale in populations with ostomies, components of our survey can be used for the entire population of RC survivors, no matter whether they received anastomosis or ostomy.
Introduction
Colorectal cancer accounts for over 9 % of worldwide cancer incidence, the developed world with a Western culture accounting for over 63 % of all cases [1] . It is the third most common cancer worldwide and the fourth most common cause of death [1] . Treatment for most rectal cancer (RC) patients includes major surgery to remove a segment of the bowel and either an intestinal ostomy (externalization of the bowel to the abdominal wall) or, more frequently, an anastomosis (reconnection of the rectum to the colon). Some operations mandate a temporary ostomy to protect a low bowel resection during the healing process. While most temporary ostomies are reversed, there are instances, due to medical or operative complications, when reversal is not performed. Instances also occur when complications from an anastomosis lead to a later ostomy. Radiation and chemotherapy are also the standard of care for RC patients with locally aggressive features (TNM stages T3 and/or N1).
As RC patients are often diagnosed early, and newer chemotherapeutics have augmented survival, the majority of RC survivors will live for many years after diagnosis. The Institute of Medicine report of 2007 [2] recommends that care for cancer survivors should involve addressing the late and long-term effects of the cancer and its treatments. Some information on RC late and long-term effects can be found in the literature related to quality of life [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . Our research program has examined patient-centered issues in the general long-term (C5 years since diagnosis) RC survivor population. The studies from our previous work addressed gender differences (women living with an ostomy showing a greater adverse impact on health-related quality of life compared with men), skin problems in those with ostomies, relationship challenges, dietary changes, work concerns, and spiritual well-being [3] [4] [5] [6] [7] [15] [16] [17] .
Gaps in knowledge remain regarding bowel function in RC survivors with ostomies and the relationship of bowel function to social and recreational activities, work-related issues, and caregiver support among RC survivors. The Memorial Sloan-Kettering Cancer Center Bowel Function Index (BFI) is a validated tool to assess bowel function in RC survivors with anastomosis [18] , but to our knowledge, no tool has been disseminated to assess bowel function in RC survivors with ostomies. Toward that end, our aim was to adapt the BFI to create a new version applicable to bowel function of a person with an ostomy, and to test it psychometrically, combined with a multi-item survey incorporating multiple validated questionnaires. The study reported here addresses the reliability of the components of the entire survey, and validity of the BFI adapted for RC survivors with ostomies.
Methods
The target population was long-term (C5 years post-diagnosis) RC survivors from two Kaiser Permanente (KP) Regions, Northern California (KPNC) and Northwest (KPNW), who had undergone a major intra-abdominal operation as part of their cancer treatment, resulting in either an ostomy or anastomosis. We recruited by mailed survey all potentially eligible participants (current KP members age 18 years or older with tissue-verified RC diagnoses) identified through an electronic search of each site's computerized tumor registry. The study was coordinated at the University of Arizona Cancer Center (AZCC) and approved by its Internal Review Board (IRB), as well as those at both KP sites. The survey cover letter contained all elements of informed consent, and all participants gave implied consent by completing and returning the survey, a process that was approved by the IRBs.
A comprehensive demographic and medical history was obtained via the survey and analysis of electronic medical record data. Multiple demographic parameters were collected, including age, gender, ethnicity, weight, height, educational status, marital status, and employment history. Medical history items included type of surgery; reason for surgery; distance of tumor from anal verge; length of time since surgery; surveillance, epidemiology, and end results (SEER) general summary stage; and comorbidities, including the Charlson-Deyo comorbidity index [19] .
Survey packets included scannable forms programmed with Teleforms 10.3 (Copyright 2007 Cardiff) and developed at the AZCC site, which were sent to potential participants by their respective KP site. Two weeks after each survey packet was mailed, potential subjects who had not yet returned the study questionnaire were contacted by phone (up to ten attempts). If they were interested in participating, individuals were asked to complete the questionnaire and return it in the postage-paid envelope, or if they preferred, they were given the option to answer the questionnaire items over the phone. Patients refusing participation were no longer contacted.
The survey in this report combined portions or all of the following four survey instruments: (1) the Modified City of Hope Quality of Life-Ostomy (mCOH-QOL-O) [20] ; (2) the Short-Form health survey, version 2 (SF-12v2) [21] ; (3) the Duke-UNC Functional Social Support Questionnaire (FSSQ) [22] ; and (4) the Memorial Sloan-Kettering Cancer Center BFI [18] .
The mCOH-QOL-O was developed as part of a program of research in health-related quality of life (HRQOL) that spanned over 20 years and included development of multidimensional instruments for assessing HRQOL in a variety of cancer populations. Utilizing the City of Hope fourdimensional framework [20] , the mCOH-QOL-O questionnaire provided subscale scores for the following domains: physical well-being (11 items); psychological well-being (13 items); social well-being (12 items); and spiritual well-being (six items). In addition, there is an overall HRQOL item, as well as a total HRQOL scale that is the arithmetic mean of all the other items. We have previously reported the confirmation of construct validity of the subscales, reliability (a) ranging from 0.77 to 0.90, and the ability of the questionnaire to discriminate between subpopulations with specific concerns [20] . The items, subscales, and total HRQOL scale use an 11-point response scale. About one-third of the items were reverse scaled in the instrument, but for analysis, all items were coded as 0 = poorest and 10 = best functioning and/or quality of life. The mCOH-QOL-O also includes several optional open-ended questions related to ostomy equipment problems, ostomy location issues, and irrigation practices, which were included in the version for the RC-ostomy survivors, but not in the abridged version for the RCanastomosis survivors. The mCOH-QOL-O was originally designed for subjects with ostomies, and we have previously reported its modification for subjects with anastomosis, including those who had had temporary ostomies. The anastomosis version of the mCOH-QOL-O has demonstrated comparable reliability to the original [8] .
The SF-12v2 is an improved version of the SF-12, has established validity, and is one of the most frequently used measures of functional health and well-being in the world today [21] . The SF-12v2 produces scores for the following eight multi-item subscales: physical functioning (2 items), role limitations due to physical health problems (2 items), pain (1 item), perceived general health (1 item), mental health (2 items), role limitations due to emotional problems (2 items), social functioning (1 item), and energy/fatigue (1 item). The subscale scores can range from 0 to 100, with higher scores reflecting better functioning or well-being. In addition, physical (PCS) and mental (MCS) component summary scores can be calculated from the SF-12v2 based on a population norm-based scoring function. Subscale and summary scores were calculated with QualityMetric Health Outcomes Scoring Software 4.5 (copyright QualityMetric, Lincoln, Rhode Island, USA 2004-2011).
The Duke-UNC FSSQ is a validated single scale and measures the individual's perception of their amount and type of personal social support [22] . The eight items have response options on a five-point scale ranging from 1 (''Much less than I would like'') to 5 (''As much as I would like'').
The BFI was developed to assess bowel function for RC patients undergoing surgery with anastomosis. It is the only instrument of which we are aware that is designed to measure bowel function specifically for RC survivors. The 18-item questionnaire contains three subscales-Frequency, Dietary, and Soilage, with published test-retest reliability of 0.74, 0.62, and 0.87, respectively, and 0.84 for the overall instrument [18] . The BFI demonstrated discriminant validity among survivors with preoperative radiation, postoperative radiation, and no radiation; among local excision, low anterior resection, and coloanal anastomosis; and between handsewn and stapled anastomosis. It further demonstrated consistency with four of four Fecal Incontinence Quality of Life subscales and 9 of 17 European Organization for Research and Treatment of Cancer (EO-RTC) subscales. [18] The BFI provides unique information about the bowel functioning in survivors who have been treated for RC. Recently, it has been shown [23] that it is much more effective in detecting functional differences in survivors when compared to the EORTC QLQ-C30 and QLQ-CR38 questionnaires, which are commonly used to evaluate function. Because the BFI was designed for and validated in survivors with anastomoses, we adapted certain BFI items for use by permanent ostomy subjects, on whom it had never been reported. We established content validity for use of this instrument in subjects with ostomies by review, selection, and adaptation of the items from each subscale based on in-depth qualitative research with RC survivors. We subsequently adapted this instrument to address bowel concerns of survivors with ostomies and report the reliability and validity of this adapted instrument below.
Statistical analysis
We compared demographic and clinical characteristics between RC survivors with ostomy and anastomosis using the Student's t test for continuous measures and the chisquare test for categorical measures. The anastomosis and ostomy groups were analyzed separately when scales had different versions for each group. In order to demonstrate that instruments showed persistent reliability in our study sample, we evaluated the reliability of all scales within the survey with internal consistency reflected by inter-item correlations and Cronbach's alpha. A value of 0.7 or greater was considered acceptable. Because the BFI had not been used or validated previously with an RC-ostomy population, we assessed the validity of the ostomy version of the BFI in this group only. We assessed construct validity (whether items measured latent constructs or underlying concepts) in the ostomy group with factor analysis. Item-to-domain correlations were calculated to evaluate the extent to which each item was associated with its domain or with another competing domain. A correlation of 0.3 was considered acceptable. After finding in exploratory factor analysis that the items loaded on three factors, we limited the factor analysis to three factors, using an orthogonal varimax rotation [24] . These factors were named for those previously validated by Temple and colleagues for anastomosis survivors (Urgency/Soilage, Frequency, and Dietary) [18] . Concurrent validity was assessed for subscales from the mCOH-QOL-O and the SF12v2 via Pearson's correlations. We evaluated discriminant validity by testing (Student's t test) whether the BF subscales could differentiate between survivors according to theorized clinical and demographic variables previously used in validation studies of the BFI [18, 25] and the mCOH-QOL-O [20] : age (dichotomized at median 75 years), time since surgery (dichotomized at median 14 years), and sexual satisfaction.
Results
We mailed questionnaires to 1,063 RC survivors (C5 years post-diagnosis) during 2010-2011. Eligible patients were identified in tumor registry in September 2009. Dates of enrollment into the study ranged from January 2010 to December 2011. Figure 1 shows the Consort Diagram flow of our recruitment. Our overall response rate was 60.5 % (577 respondents/953 eligible).
Response bias assessment
We conducted an evaluation of potential response bias in our sample. Selected measures were approved by the three IRBs for aggregate analysis comparing respondents with non-respondents. Table 1 shows that those who refused or could not be reached were older by an average of 2.2 years (p = 0.01), were less likely to be non-Hispanic white (p \ 0.001), were more likely to be enrolled in KP as an individual versus through a group (p = 0.02), and were more likely to live in a census tract designated ''educationally deprived'' (p = 0.04). Participants and nonresponders did not differ significantly on time since diagnosis, sex, Hispanic ethnicity, tumor stage, Medicare and Medicaid eligibility, and census tract indicators of low income or poverty. Table 2 shows participant demographic and clinical characteristics, comparing ostomy and anastomosis groups. The ostomy group was significantly older, more likely to be male, and less likely to have completed college. The ostomy group had significantly longer mean time since diagnosis and surgery, were more likely to have a Charlson- Fig. 1 Deyo comorbidity index greater than two, and had a shorter mean tumor distance from the anal verge. The distribution of SEER general summary stage was not significantly different between groups. The ostomy group was significantly more likely to have received radiation and chemotherapy.
Sample characteristics
Adaptations to BFI for ostomy group Table 3 shows the wording of items from the three subscales of the MSKCC Bowel Function Instrument, as well as the adaptations made by our team for administration to RC survivors living with an ostomy. Two Frequency questions regarding time to get to the toilet, as well as the number of bowel movements per day, were deemed not applicable for ostomy survivors. We changed ''bowel function'' and the number of bowel movements to the number of times the respondent changed or emptied their ostomy bag. Finally, because of ostomy location, we reworded Soilage questions regarding undergarments to garments in general.
Reliability for previously validated instruments
The mCOH-QOL-O, SF-12v2, and FSSQ were found to be consistently highly reliable in both the ostomy and the anastomosis groups. Cronbach's alphas for the mCOH-QOL-O subscales ranged from 0.83 to 0.93, with the exception of lower scores for the Spiritual Well-being subscale in the ostomy group (0.76) and the anastomosis group (0.77). SF-12v2 subscale a were Physical Function (0.77), Role Physical (0.86), Role Emotional (0.75), and Mental Health (0.71). Cronbach's alpha for the FSSQ was 0.88. Table 4 shows the results of reliability evaluation and factor analysis of the BFI. In the anastomosis group, the three subscales Urgency/Soilage, Frequency, and Dietary were found to be internally consistent with Cronbach's alphas of 0.72 or higher. In the ostomy group, however, Urgency/Soilage (a = 0.74) and Dietary (a = 0.83) were found to be internally consistent, but Frequency (a = 0.50) was not. The item ''Alter Activities,'' on the Urgency/ Soilage subscale had the lowest correlation with the other Urgency/Soilage items for the anastomosis and ostomy groups (0.44 and 0.38, respectively). However, it did not substantially decrease the overall alpha for the subscale (0.77 when item was excluded).
BFI reliability

BFI construct validity in ostomy group
In factor analysis of the ostomy group, Urgency/Soilage, Frequency, and Dietary explained 24, 19, and 27 % of variance, respectively. The four items that correlated with the Dietary scale in the original questionnaire loaded on the same subscale (Table 4) . Daytime soilage, bedtime soilage, and use of a tissue/pad loaded clearly on the Urgency/Soilage subscale. The alter activities item, however, correlated essentially equally with all three factors. Because the alter activities item did not substantially decrease the overall alpha for the subscale, it was retained in the Urgency/Soilage subscale for the ostomy group. The three applicable items that correlated with the Frequency subscale in the original questionnaire appeared to be distributed on the same subscale for the ostomy group, although the use of medicines did not reach the 0.30 threshold. However, in light of poor reliability of the Frequency subscale in the ostomy group, we did not further explore its construct or discriminant validity. 
BFI concurrent validity in ostomy group
The BFI questionnaire demonstrated good concurrent validity in the ostomy group, through significant correlations with several domains from the mCOH-QOL-O and SF-12v2, including several comparable items. Table 5 
Discussion
As the number of cancer survivors grows each year, cancer survivorship research is increasingly recognized as an important area of study. Survey instruments have been widely used to explore the many issues related to the effects of cancer and its treatment. Therefore, it is imperative to ensure valid and reliable instruments are available and utilized. In the current study we found that instruments we had used in the past continued to provide valid information. Our study of nearly 600 RC survivors used a combination of existing survey instruments to examine multiple facets of HRQOL. These surveys (mCOH-QOL-O, SF-12v2, FSSQ, and BFI in anastomosis) remained reliable in this composite instrument and across groups of RC survivors with varied postoperative challenges. In addition, we validated a survey instrument that enables us to assess bowel function in RC survivors with ostomies, an area that was previously underexplored. The BFI will allow us to identify aspects of patient care across all types of RC survivors, subjects that should be included in patient education. Future reports will include analysis of the QOL and function instruments, describing differences found in the ostomy versus the anastomosis groups of RC survivors. Our overall response rate of 60.5 % was higher than our previous survey of a similar population [8] , which is likely due in part to a protocol of more telephone contact attempts sustained over a longer period, our aggressively reminding survivors, and allowing completion via telephone interviews for those that requested it. Respondents to our survey were similar in most regards to those who did not participate in the survey. While our results are generalizable for most RC survivors in our population, the participants were statistically significantly younger (by 2.2 years on average) and more likely to be non-Hispanic white, reside in educationally non-deprived areas, and had KP membership through a group. Although we were inclusive of the entire KP population in Northern California and Oregon, it is not uncommon in survey studies to encounter lower participation rates among older and minority status individuals. The ecological association between participation and education deprivation is based on census tract designation, which may be a surrogate for other sociodemographic characteristics.
When comparing respondents, those with ostomies had several demographic and clinical differences from those without ostomies. While the ostomy population was slightly older (74.7 vs. 72.5 years, p = 0.02), the 2-year mean difference may not be clinically relevant, despite being statistically significant. Anastomosis survivors were better educated than those with permanent ostomies, and it is reasonable to further explore this difference in future studies. Ostomy survivors had greater comorbidity burden during year prior to survey which may be related to their being slightly older and having a greater number of years since diagnosis and surgery. The one expected difference is that participants with anastomoses had tumors with a greater distance on average from the anal verge. There are several likely factors to explain why many survivors in both groups, especially the anastomosis group, did not receive radiation therapy. Such factors include the fact that patients with more superficial tumors, as well as those with tumors high in the rectum or the rectosigmoid junction, are unlikely to receive radiation. Other reasons why patients may not have received radiation include patient refusal, older age, or greater comorbidities. Additionally, in a complex system where patients may receive a portion of their care outside of the system and/or in the more distant past, a history of radiation therapy may occasionally not be captured in the patient records.
We found that two of the three subscales of the BFIpreviously validated for use with RC survivors with anastomosis-could with minor revisions be used reliably in those living with ostomies. This has not previously been reported. Both the Dietary and Urgency/Soilage subscales demonstrated reliability and validity. In the ostomy group, four Dietary items and three of four Urgency/Soilage items clearly loaded on the same factors that had been shown previously for anastomosis survivors, while one Urgency/ Soilage item loaded equally with all three factors. The Frequency subscale did not demonstrate reliability, which is not unexpected, as this domain has limited relevance to ostomy survivors who use a bag and two of the original items could not be adapted to the ostomy version. The Dietary and Urgency/Soilage subscales demonstrated concurrent validity through high correlation with several HRQOL and functional scales in the survey, including all mCOH-QOL scales except Spiritual well-being and five of the eight subscales from the SF12v2. Furthermore, these two BFI scales correlated highly with closely related individual items from the mCOH-QOL. We also showed that subscales of the BFI could discriminate duration of time since surgery and postsurgical level of sexual satisfaction.
Limitations to this study included (1) the need to modify certain BFI questions for use in the ostomy population, which may have made them not entirely analogous in meaning to the anastomosis versions and (2) limited clinical measures available that were relevant to discriminant validity analysis.
Conclusions
The BFI has relevance not only as a research instrument, but also as a clinical utility measure to help identify survivorship issues and assist with the implementation of resources. It provides evidence needed for development of the survivorship care plan, including information about the presence of late and long-term bowel effects [18] . When information from the BFI is combined with the MCOH-QOL-O, the SF12v2, the FSSQ, the broad picture of colon cancer survivorship needs become evident, and potential resources can be identified. With this information, interventions can be identified and tested, expanding the quality of care needed for RC survivors [11] . Based on our psychometric analysis, the BFI can be used for these survivors and augments general information gathered from quality of life, social, and physical function assessments. As the Frequency items of the BFI do not display adequate reliability, it is reasonable to omit these questions for an ostomy population.
